Psychostimulants induce low-frequency oscillations in the firing activity of dopamine neurons.
The reinforcing properties of psychostimulants depend critically on their effects on dopamine (DA) neurons in the ventral tegmental area (VTA). Using in vivo single unit recording in rats and spectral analysis, this study presents evidence for a new, non-DA-mediated effect of psychostimulants on VTA DA neurons. Thus, as previously observed with D-amphetamine, all psychostimulants tested, including cocaine, methamphetamine, and methylphenidate, had two opposing effects on firing rate of DA neurons: a DA-mediated inhibition and a non-DA-mediated excitation. The latter effect was normally masked by the DA-mediated inhibition and was revealed when the inhibition was blocked by a DA antagonist. Using spectral analysis, this study further showed that during psychostimulant-induced excitation, DA cells exhibited not only an increase in firing rate and bursting but also a low-frequency rhythmic oscillation (0.5-1.5 Hz) in their firing activity. The oscillatory response was unique to psychostimulants since it was not observed with the GABA(A) agonist muscimol, which also increased DA cell firing, and not mimicked by the nonpsychostimulant DA agonist L-dopa. Results further suggest that the effect requires activation of adrenergic alpha1 receptors and depends on intact forebrain inputs to DA neurons. Further understanding of this novel effect may provide important insights into both the mechanism of action of psychostimulants and the neuronal circuitry that controls the activity of DA neurons in the brain.